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Foreword

The Foundation for Intellectual Property, Institute of Intellectual Property conducted the
2018 Collaborative Research Project on Harmonization of Industrial Property Right Systems under
a commission from the Japan Patent Office (JPO).

Various medium-term issues need to be addressed to encourage other countries to introduce
industrial property right systems helpful to the international expansion of Japanese companies and
to harmonize the industrial property right systems of major countries, including Japan. Accordingly,
this project provided researchers well-versed in the Japanese industrial property right systems with
an opportunity to carry out surveys and collaborative research on these issues with the goal of
promoting international harmonization of industrial property right systems through use of the
research results and researcher networks.

As part of this project, we invited researchers from abroad to engage in collaborative
research on the target issues. This report presents the results of research conducted by Ms. Wang,
Runhua, Post-Doctoral Research Associate, University of Illinois College of Law, an invited
researcher at our Institute.” We hope that the results of her research will facilitate harmonization of
industrial property right systems in the future.

Last but not least, we would like to express our sincere appreciation for the cooperation of all

concerned with the project.

Institute of Intellectual Property
Foundation for Intellectual Property
March 2019

* Period of research in Japan: From June 4, 2018, to July 7, 2018
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Abts act

Understanding the geographic distribution patent value is important for patent owners, the
industry, and a country. Before developing any patent strategies in the oversea market, it is
important for patent owners to understand the distribution of their patent value. It is also important
for Japanese government to know the potential opportunities for Japanese technologies in the
world when the government encourages technology transfer and exports. This research is a
dynamic study to understand the distribution of the value of Japanese patents by industry in the
world across years as the fluctuation of the development of economy and technology. The research
found that the number of patent claims is a critical indicator of patent value as citations for being

contributed by both the applicants’ patenting strategies and examiners.

Smmary

I. Induin

As the importance of patent valuation in finance, innovation and patent management, and
litigation decisions, this research adopts forward citation, backward citation, and the number of
patent claims to estimate the value of the Japanese patents, the applications of which were also filed
in the U.S., China, South Korea, Germany, and Canada. It also explores the association between the

patent value and the exports from Japan to the U.S. and China.
II. Backgrd

The key indicators for patent valuation through patent applications include forward citations,
backward citations,' number of patent claims,” age,’ granting stage,® the length of the first claim,’
family size,® or an integrated index of some of the mentioned indicators.” This research directly

adopts the indicators of forward citations and backward citations by examiners, the number of patent

' Gambardella, A., D. Haehoff & B. Verspagen, THE VALUE OF PATENT (2006).

2 Lerner, supra note 1.

3 Lanjouw & Schankerman, supra note 3.

* Sadao Nagaoka & Yoichiro Nishimura, Acquisitions and Use of Patents: A Theory and New Evidence from the Japanese Firm
Level Data, 1IR Working Paper WP#05-14 (2005).

3> Robert Fisher, STRATEGIC PATENTING (2007). See also Kuhn et al., Measuring Patent Scope: What Works, What Doesn t, and How
to Use It for Causal Inference, available at http://www.neil-t.com/wp-content/uploads/2017/01/Measuring_Patent_Scope.pdf (last
visited Aug. 6, 2018).

¢ Lanjouw & Schankerman, supra note 3.

7 Id.; See also, Ginarte & Park, Determinants of patent rights: A cross-national study, 26 REs. POL’Y 283 (1997); See Also, Yasuyuki
Ishii, Determinants of Patent Rights: A Cross-National Study, 29 J. JAPAN ASS’N FOR MGMT. Sys. 225 (2013).



claims, and grants. Family is indirectly adopted when comparing the value of the patent applications
that were only filed in Japan and the Japanese patent applications that were also filed in the U.S.,

China, and South Korea.

I11. Dat ad Mehdlgy

The research objects are the 1.2 million patent applications that were filed by Japanese
applicants or the subsidiaries of Japanese companies with the JPO (Japan Patent Office) between
2011 and 2015. This project adopts three databases. The patent data except family information will
be collected from the IIP Patent Database. The patent family data is provided by Incopat. The source
of all types of economic data is the WTO (World Trade Organization). The patent family data and
economic data are merged with the IIP patent data by application numbers.

There are three technology sectors that are mainly analyzed in this research, including the
chemical, pharmaceutical, and electronics industries. The categorization of the technology sectors is
through IPC classes.

The research methodology is qualitative, including summary statistics, descriptive analyses
and comparative analyses. The qualitative analysis includes the correlation between patent value
indicators and economic variables of exports or R&D ratio over GDP. Moreover, exports are

regressed on the patent value indicators, forward citations and backward citations in OLS.

IV. The Gegr aphic Disibu idb PaetApplicato by apape Cmpaies
1. The Gegraphic Disi binbhe Nmber b PattApplicain

The U.S., China, and South Korea are the top three destinations that Japan exports to.® 2,174
of the patent applications that were filed by Japanese applicants or their subsidiaries in JPO and were
also filed in the U.S. 1,658 of the patent applications were also filed in China and 1,196 of the patent
applications were also filed in South Korea. All of the Japanese patent applicants who filed patent
applications in other countries in addition to JPO were companies.

The data show that there were consistently more Japanese patent applications that were filed in
the U.S. than in China between 2011 and 2015, when the ratio of R&D over the US GDP was also
higher than the ratio of China. However, the number of Japanese patent applications that were filed

in the USPTO in addition to JPO was negatively correlated to the ratio of R&D over US GDP

8 OEC, Japan, available at https://atlas.media.mit.edu/en/profile/country/jpn/. (last visited Aug. 04, 2018).



(p-value=0.04), suggesting a decrease of the Japanese patent applications that were filed in the U.S.

2. The Gegraphic Disiba  idbhe PattVala

The indicator of grants for patent valuation is divided into four parts regarding to the process
of a patent application, including pending before the request for examination, pending for
examination, rejection or withdraw before issuance, and issuance.

The claim counts of the Japanese patent applications with various families were different over
granting stages. The patent applications filed only in Japan had a lower degree of claim counts at the
examination pending stage, compared to the pending stage before the examination. The Japanese
patent applications that were also filed in the U.S., China, and South Korea had a higher number of
patent claims at the examination pending stage than the number at the pending stage before the
request for examination, but the number decreased to a much lower degree at the granted stage.
Those differences and variations suggest that Japanese applicants were more likely to burden higher
risks and add patent claims before the request for examination when they have a propensity over

internationally filing patents.

V. The Gegraphic Disibh nb PaenAppicaio mad Their Vala by
Idsies

1. The Gegraphic Disibinb PachA pllicatmad Their Vala inhe Chemical
Idfny

On average, the chemical patent applications in JPO by Japanese applicants have 2.61
backward citations and 0.19 forward citations, which were similar across the different families. Both
forward citations and backward citations of the Japanese patent applications that were also filed in
the U.S. were positively correlated to the total amount of the chemical exports to the U.S. and its
annual growth, suggesting a positive association between patent value and the exports to the U.S. in
the chemical industry.

The variation of the patent value with respect to the number of claims in the chemical industry
was consistent to the overall case discussed in Section I'V: The patent applications filed in Japan only
on average had a smaller number of patent claims after the request for examination, compared to
their early pending stage before submitting the request. The Japanese patent applications that were
also filed in the U.S., China or South Korea added patent claims after the request for examination,

suggesting a stronger propensity on the priority rights than the applicants who only filed their patent
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applications in Japan.

2. The Gegr aphic Dif ibixb PaemApplicatmd Their Valairhe Phar maceiral
Idfny

The patent value with respect to claim counts in the pharmaceutical industry was different
from the chemical industry over granting stages: The patent applicants in the pharmaceutical
industry were less sensitive to examination fees than the chemical patent applicants were when they
only filed the patent applications in Japan.

Both the patent applications filed in Japan only and the Japanese patent applications that were
also filed in the U.S., China, and South Korea had a higher number of patent claims after the request
for examination, even though the claim counts decreased to a much lower level after granting. The
patent applications with the highest number of claims were the Japanese patent applications that
were also filed in the U.S. The average number of those patent claims at the granting stage was

higher than the stage when the Japanese applications were initially filed in JPO.

3. The Gegraphic Difibinb PatnApplicaimad Their Vala inhe Electix
Idfy

The patent value of the Japanese electronic patent applications filed by Japanese applicants
with respect to forward citations and backward citations was extremely different from the patent
applications in the chemical and pharmaceutical industries. Among the Japanese patent applications
that were filed by Japanese applicants and pending for examination, the patent applications that were
only filed in Japan on average had 4.66 backward citations, which were the highest among the
Japanese patent applications that were also filed in the U.S., China, or South Korea. The forward
citations of the patent applications that were only filed in Japan on average were also the highest
among the Japanese patent applications, including the applications also filed in those three other
countries.

The empirical results show the importance of patent value in the electronics industry to
economic growth. The forward citations received by the Japanese electronic patent applications that
were also filed in China were positively correlated to the integrated circuit exports to China and the
annual growth of the exports. Both the backward citations and forward citations received by the
Japanese electronic patent applications that were also filed in the U.S. were positively correlated to
the total exports from Japan to the U.S. and the annual growth of the total exports. Moreover, the

value of patent applications with respect to forward citations and backward citations was positively

_iV_



correlated to the total exports from Japan to the world and its annual growth.

VI. Caldig Remar ksad Limiain

The data shows that Japanese patent applicants were sensitive to the examination fees, but
they were less sensitive to the examination fees when they also file the patents in other countries.
Alternatively, the Japanese patent applicants who file patents in other countries value the scope of
patent protection and priority rights more than the examination fees, regardless of the value or
quality of the technology.

Moreover, there is a synchronized pace of patenting abroad by Japanese applicants and their
oversea market size, but the effects of valuable patent applications on exports is limited.

The future studies can extend the duration of the study, expand the sample to include all the
patents that are valid during the study duration, and apply firm-level data. The division issue in

patent application, selection bias, and truncation bias should also be considered.
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I. Introduction

Patent valuation is broadly discussed in the literature of finance, innovation and patent
management, and litigation decisions. In the aspect of law, patents provide firms exclusive rights to
protect their innovation outcomes. Therefore, the firms having higher litigation costs do not only
file patents, but also file the patents with a broader scope of protection.' In the aspect of business
and management, patents are intangible assets for a firm and they are also significant outcomes of
R&D. Moreover, patents represent other manifestations of innovation.”> As a significant measure
for the quality of innovation and technologies, the value or quality of patents is useful for
understanding patent licensing, patent pooling arrangement and other transactional activities.’

This research adopts forward citation, backward citation, and number of patent claims to
estimate the value of the Japanese patents, the applications of which were also filed in the U.S.,
China, South Korea, Germany, or Canada and to explore the association between patent value and
the exports from Japan to the U.S. and China. Section II introduces the various kinds of patent
valuation indicators that are adopted by this research project. Section III describes the data and
methodology. Section IV shows the geographic distribution of Japanese patent applications with
other Patent Offices in the world and their value. The creative part of this research is to explore the
patent value by the granting stages of patent applications, which does not only distinguish the status
of issuance, but also distinguishes the patent applications that have been withdrawal or rejection
and the pending patent applications that were requested examination or not. Section V checks the
patent value by industry sectors, particularly including the chemical sector, the pharmaceutical
sector, and the electronic sector. It also explores the association between patent value and the

exports of those sectors from Japan to the U.S. and China.

I1. Background

There are some indicators for patent valuation through patent applications, including forward

citations, backward citations,4 the number of patent claims,’ age,6 granting stage,7 the length of

' Josh Lerner, Patenting in the Shadow of Competitors, 38 I.L. & ECON. 463 (1995).

2 Manuel Trajtenberg, A Penny for Your Quotes: Patent Citations and the Value of Inventions, 21 RAND J. ECON. 172 (1990).
Jean Lanjouw & Mark Schankerman, Stylized Facts of Patent Litigation: Value, Scope and Ownership, NBER Working Paper
6297, (1997).

Gambardella et al., The Value of Patents, 2006.

Lerner, supra note 1.

Lanjouw & Schankerman, supra note 3.

Sadao Nagaoka & Yoichiro Nishimura, Acquisitions and Use of Patents: A Theory and New Evidence from the Japanese Firm
Level Data, IIR Working Paper WP#05-14 (2005).
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the first claim,® family size,” and an integrated index of some of the former listed indicators. '’
1. Forward Citations

Forward citations are the citations that a patent or a patent application received from other
patents or documents.'' Forward citations represent the importance and applicability of a patent on
the current technology.'? Forward citations are also correlated to the social value of a patent'® and

the market value of a firm.'*
2. Backward Citations

Backward citations are the patents or documents that are cited by a patent or a patent
application.”” Backward citations shows the technological antecedents of the invention in the
patent, such as the age, diversity, and number of the cited patents or other documents of the

technology.'® It suggests the width of the invention of the patent.
3. Number of Patent Claims

Patent claims indicate the width of the exclusive rights of a patent, showing the range of the
protection for a patent.'’ In addition to the meaning of patent claims in patent protection, some
scholars also have proved the function of patent claims in finance. They believe that patent claims
suggest the profitability of an invention because of the scope of patent protection18 and that the
high-value patents with many claims increase the market value of a company'”.

The number of patent claims is an indicator of patent value varying by technology field.*

8 Robert Fisher, Strategic Patenting (2007). See also Kuhn et al., Measuring Patent Scope: What Works, What Doesn’t, and How to
Use It for Causal Inference, available at http://www.neil-t.com/wp-content/uploads/2017/01/Measuring_Patent_Scope.pdf (last
visited Aug. 6, 2018).

° Lanjouw & Schankerman, supra note 3.

1 1d ; See also, Ginarte & Park, Determinants of patent rights: A cross-national study, 26 RES. POL’Y 283 (1997); See Also,

Yasuyuki Ishii, Determinants of Patent Rights: A Cross-National Study, 29 J. JAPAN ASS’N FOR MGMT. Sys. 225 (2013).

Michele Grimaldi et al., The Patent Portfolio Value Analysis: A New Framework to Leverage Patent Information for Strategic

Technology Planning, 94 TECH. FORECASTING & SOC. CHANGE 286 (2015).

Dietmar Harhoff et al., Citations, Family Size, Opposition and the Value of Patent Rights, 32 RES. PoLICY 1343 (2003).

Trajtenberg, supra note 2.

14 Bronwyn Hall et al., Market Value and Patent Citations, 36 RAND J. ECON. 16 (2005).

Grimaldi, supra note 11.

Adam Jaffe & Gaetan Rassenfosse, Patent Citation Data in Social Science Research: Overview and Best Practices, 68 J. ASS’N

FOR INFO. ScI. & TECH. 1360 (2017).

Grimaldi, supra note 11.

Lanjouw & Schankerman, supra note 3.

J. Lerner, The Importance of Patent Scope: An Empirical Analysis. 25 RAND J. ECON. 319 (1994); See also, S. Shane

Technological Opportunities and New Firm Creation, 47 MGMT. ScI. 205 (2001).

2 H. Ernst, Patent portfolios for strategic R&D planning, 15 J. Eng. Tech. Mgmt. 279 (1998).



Not only do patent applicants make the decisions for how many claims they submit to examiners,
examiners also reject partial application claims. The Japanese patent regime makes the applicants
more sensitive to the size of their patent applications, which mean the number of claims, compared
to the applicants in other patent regimes. The Japan Patent Office (the JPO) collects patent
examination fee based on the number of patent claims, even though the patent application is a
lump-sum fee and irrelevant to the number of patent claims.”’ Patent applicants spend 4,000 yen
for each patent claim in JPO. This is different from the patent regime in China or the U.S. The State
Intellectual Property Office (the SIPO) in China collects lump-sum fees for the application and
examination. If the number of patent claims is more than eleven, the applicants pay 150 RMB
(about 2,500 yen) for each additional patent claim. The United States Patent and Trademark
Office (the USPTO) collects a lump-sum fee for patent examination and a basic filing fee plus 100
dollars (about 11,000 yen) for each claim beyond the first 20 claims.*

4. Patent Grants

A patent application can be granted, withdrawn, or rejected. The existing literature suggests
that the granted patents have higher value than the patents that are withdrawn or rejected.” The
typical rejection reasons in Japan and any other countries are lack of novelty, utility, inventive step,
or non-obviousness.”* The degree of the restriction of patent examination can also affect the
applicants to withdraw their applications: tougher examiners result higher abandon rates of patent
applications before issuance.”” Alternatively, it could be not relevant to the process of examination
itself when a deadline is missed by the applicants, *° which could be a decision made by the

applicants or their negative attitudes on patent applications.
5. The Application of the Indicators in the Literature and Research Questions

Using citations is common to measure patent value in the studies of finance. Patents with

2

JPO, Schedule of Fees, available at https://www .jpo.go.jp/tetuzuki_e/ryoukin_e/ryokine.htm (last visited Aug. 04, 2018).

22 USPTO, USPTO Fee Schedule (effective Jan. 16, 2018), available at
https://www.uspto.gov/learning-and-resources/fees-and-payment/uspto-fee-schedule (last visited Aug. 04, 2018).

Dominique Guellec & Bruno Potterie, Applications, Grants and the Value of Patent, 69 ECON. LETTERS 109 (2000).

JPO, Examination Guidelines for Patent and Utility Model in Japan (effective Oct. 1, 2015), available at
https://www.jpo.go.jp/tetuzuki_e/t_tokkyo e/files_guidelines e/01 0203 e.pdf (last visited Aug. 04, 2018).

“Patents evaluated by a one standard deviation tougher examiner are abandoned before issuance 5.4%*** more often.” Jeffrey
Kuhn & Neil Thompson, The Ways We 've Been Measuring Patent Scope are Wrong: How to Measure and Draw Causal
Inferences with Patent Scope, available at
https://www.bu.edu/law/files/2017/10/The-Ways-Weve-Been-Measuring-Patent-Scope-Are-Wrong-How-to-Measure-and-Draw-
Causal-Inferences-with-Patent-Scope.pdf. (last visited Aug. 04, 2018).

Jeremy Coombs, 7 things to know about filing patents in Japan (July 26, 2016), available at
https://www.ipwatchdog.com/2016/07/26/7-things-filing-patents-japan/id=71227/ (last visited Aug. 04, 2018).
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different ages and different forward citations can diversely impact a firm’s market value.”’ In a
former empirical study with the Japanese data, besides citations, objections for invalidation is also
considered to predict market value that is relevant to patents.”® Regarding to other critical
indicators to measure patent value, such as backward citation, family size, the number of patent
claims, and granting stage, most of the former studies are in firm-level or in applicant level, but the
literature rarely explores the association between the development of macro-economy and patent
value. Even though Hall et al. found a positive effect of backward citations on market value
through R&D investment, the contribution of the overall patent value to the economy of the world
or to that of one particular country is still obscure. Therefore, this research explores the geographic

distribution of the Japanese patent value and its association with economic development of Japan.

II1. Data and Methodology

The research objects are the 1.2 million patent applications that were filed by Japanese
applicants or the subsidiaries of Japanese companies with the JPO between 2011 and 2015. This
project adopts three databases. The patent data except family information will be collected from the
IIP Patent Database (Institute of Intellectual Property). The patent family data is provided by
Incopat. The source of all types of economic data is the WTO (World Trade Organization). The
patent family data and the data of economic indicators are merged with the IIP patent data by
application numbers.

I use the IIP Patent database version of September 2017, covering the data from JPO before
March 2017. The IIP Patent database include the date of patent filing, the date of the request for
examination, the date of patent registration, examiner citations, the number of patent claims, the
technology categories under International Patent Classification (IPC), and the name and address of
the applicants.

With the patent data, I distinguished Japanese applicants and the foreign applicants by their
addresses. If a patent application which was also filed in any of the five foreign countries, including
the U.S., China, South Korea, Germany, and Canada, the patent applications filed by the oversea
subsidiaries of the Japanese companies in JPO will also be included.”” For analyzing the
geographic distribution of the patent value, family size by itself cannot be considered as one

effective indicator due to the assumption of this project. The assumption is that when the Japanese

2" Hall et al., supra note 14.

8 Nakanishi Yasuo & Yamada Setsuo, Market Value and Patent Quality in Japanese Manufacturing Firms, MPRA Paper No.
10285 (2007).

¥ Incopat does not have a function to distinguish the country of parent companies and subsidiaries. They can be further
distinguished by applicants’ addresses, but this paper does not address this discretion.



patent applications have been filed in those five countries in addition to JPO, there is a relatively
uniform family size which is larger than one. The economic data include the exports from Japan in
total and by various industries to other countries and the ratio of R&D to GDP of Japan and those
countries.

Due to the complex overlaps of technology sectors in IPC,* T highlighted three technology
sectors under the suggestion of JPO®' and Verspagen et al. (1994)%, including the chemical,*
pharmaceutical,®* and electronics industries.”> The chemical and pharmaceutical industries have
some overlapped IPC classes. The adopted classes are the IPC classes when the patent applications
were granted. If the patent applications were not granted, the adopted classes are the IPC classes
that the applications used in their publication.

The research methodology is qualitative, including summary statistics, descriptive analyses
and comparative analyses. The value the patent applications filed only in Japan are compared to the
Japanese patent applications which were also filed in the U.S., China, South Korea, Germany, and
Canada, rather than the foreign patent applications that were filed in the Patent Offices of the five
countries. The patent applications with JPO refer to the same technologies covered by the patent
applications filed in those five countries, but the analyses based on their patent applications in JPO
share the common patenting skills or rules, regardless of the diversity of the patenting skills or rules
over different Patent Offices in the world. The indicators of patent value in this paper includes the
forward citations and backward citations by examiners, the number of patent claims, and granting
stages. Age is not an appropriate indicator of patent valuation for the observations in this research
due to the short research period making the same age as each other.

The qualitative analysis also includes the correlation between patent value indicators and
economic variables of exports or R&D ratio over GDP. Moreover, exports are regressed on the
patent value indicators, forward citations and backward citations in ordinary least squares
regressions (OLSs). These two independent variables are related to present the importance of the
patented technologies.*® Huber/White/sandwich estimator is controlled, eliminating intragroup

correlation. The control variables include two dummy variables, the granting stages and the PCT

3% Ulrich Schmoch et al., Linking Technology Areas to Industrial Sectors, Final Report to the European Commission (2003),

available at http://ftp.zew.de/pub/zew-docs/div/innokonf/5bschmochlavillepatelfrietsch.pdf. (last visited Aug. 04, 2018).

This is suggested by Masahiro Shibata, the Director for IP Exploitation Policy Planning Coordination.

32 Verspagen, B./ Morgastel, T. v./ Slabbers, M. (1994): MERIT concordance table: IPC — ISIC (rev. 2), Maastricht: MERIT
Research Memorandum 2/94-004.

33 The chemical industry covers the IPC class C, E04D, F41H, AOIN, A62D, B09B, B27K, B29D, B29K, B29L, and B44D.

3 The pharmaceutical industry covers the IPC class A61K, C07, C12N, C12P, and C12S.

35 The electronics industry covers the IPC class GO8C, G09B, HO1C, HO1L, HO1P, HO1Q, HO3, H04, HO5SK, A47J, BO3C, B60Q,

FO2P, F21, G08B, HO1, H02, HO3M, HO5B, HO5C, HO5F, and HO5H.

Adam B. Jaffe & Manuel Tranjtenberg, Flows of Knowledge from Universities and Federal Labs: Modeling the Flow of Patent

Citations over Time and across Institutional and Geographic Boundaries, National Bureau of Economic Research Working

Paper 5712 (1996).
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status.”” Some Japanese patent applications were filed through PCT, even though Japan was the
only country that a patent application was filed, suggesting that filing through PCT was one of the

patenting strategies for the applicants.

IV. The Geographic Distribution of Patent Applications by Japanese Companies
1. The Geographic Distribution of the Number of Patent Applications

The total patent applications received by JPO during 2011 and 2015 were 1.66 million.*®
Among those patent applications, 1.2 million patent applications were filed by Japanese applicants.
This part explains the distribution of the quantity of the patent applications that were filed by
Japanese applicants in JPO and also in any of other five countries, including the U.S., China, South
Korea, Germany, and Canada.

The U.S., China, and South Korea are the top three destinations that Japan exports to.”
2,174 of the patent applications that were filed by Japanese companies or their subsidiaries in Japan
the U.S. 1,658 of the Japanese patent applications were also filed in China and 1,196 of the
Japanese patent applications were also filed in South Korea. Compared to those three countries,
only a few of Japanese patent applications by Japanese applicants were also filed in Germany
(N=150) or Canada (N=158) between 2011 and 2015. All of the Japanese patent applicants who
filed patent applications in any other countries in addition to Japan were companies, rather than
individuals.

As Figure 1 shows, the number of the patent applications by Japanese applicants in JPO that
were also filed in the U.S., China, South Korea, or Germany were fluctuated between 2011 and
2015. The peak of the number of the patent applications was 2012. After 2012, the number of
patent applications that were also filed in any of those four countries was declining to a lower
degree as the quantity of the patent applications filed in 2011. Even though Trajtenberg suggested
that R&D expenditures and patents should be positively and contemporaneously correlated,” the
association between the R&D ratio over GDP of Japan and the number of the patent applications

that were also filed in each of those four countries cannot be found statistical significance.

37 Year-fixed effect is not controlled because the dependent variable, exports, is yearly.

% JPO, JPO Status Report (2016).

% OEC, Japan, available at https://atlas.media.mit.edu/en/profile/country/jpn/. (last visited Aug. 04, 2018).
0 Manuel Trajtenberg, supra note 2.



Figure 1. The Number of Japanese Patent Applications Filed by Japanese Inventors in Other Countries
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The number of the patent applications that were filed in the U.S., China, South Korea, or
Germany in addition to JPO and the two-year lagged R&D ratio over GDP of Japan were varying
in completely opposite directions between 2011 and 2015.*' The reason could be the low
productivity of R&D by Japanese companies, which was discussed in the literature by Japanese
scholars* and consistent to my empirical evidence that the number of the patent applications was
positively correlated to the two-year lagged total high-tech exports from Japan (China p-value=0.05;
US p-value=0.03; South Korea p-value=0.01; DE p-value=0.3).*

Japanese applicants consistently filed more patent applications in the USPTO that they
simultaneously filed in JPO than the Japanese patent applications that they also filed in SIPO
during 2011 to 2015, when the ratio of R&D over the US GDP was also higher than the ratio of
China, shown by Figure 2. The number of Japanese patent applications that were filed in the
USPTO in addition to JPO was negatively correlated to the ratio of R&D over US GDP
(p-value=0.04), but positively correlated to the total merchandise exports from Japan to the U.S.
(p-value=0.05). In the case of the Japanese patent applications that were filed in Canada, the
number of the patent applications was also negatively correlated to the ratio of R&D over GDP of

Canada (p-value=0.03).

! The R&D ratio over GDP of Japan was 3.23% and 3.14% in 2009 and 2010.
#2 K. Sakakibara & M. Tsujimoto, Background of the Falling Productivity of Japanese Companies, ESRI Discussion Paper Series

No.47 (2003).
# The high-tech exports from Japan to the world were 95.2, 122, 126, 123, 105 billion (current) US dollars between 2009 and 2013.



Figure 2. Patent Applications Fileds in China and the U.S.
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The statistical evidence from the U.S. and Canada could suggest a possibility that Japanese
companies exported patent-protected technologies to the technology developed in advance
countries and supplement the R&D of those countries by patents. Recall the positive association
between the high-tech exports and the number of the patent applications in those countries. When
Canada and the U.S. had a lower degree of the ratio of R&D over GDP, the negative association
between the ratio and the number of the patent applications could suggest an increase of the
Japanese patent applications that the Japanese companies filed in those countries.

The ratio of R&D over GDP of the U.S. or Canada, however, was increasing between 2011
and 2015, which could suggest a decrease of the patent applications in those countries by Japanese
applicants. Why did this happen? One potential reason could be that it was increasingly difficult to
acquire a patent in innovative countries.** Another potential reason could be that there were less
business opportunities from an innovative country that provided patenting incentives to Japanese
companies, such as the U.S. This is inferred by the decreased total amount of high-tech exports
from Japan to the world and its positive association with the number of patent applications that
Japanese companies filed in the U.S., China, South Korea, and Germany in addition to JPO.

The number of patent applications with SIPO was not correlated to either the ratio of R&D
over GDP of China or the total merchandise exports from Japan to China in a statistically
significant degree. However, the number of Japanese patent applications that were filed in SIPO in
addition to JPO were negatively correlated to the ratio of R&D over US GDP (p-value=0.02) and
positively correlated to the total merchandise exports from Japan to the U.S. (p-value=0.05). The

* The USPTO grant rate of utility patents of foreign corporations decreased from 48.3% in 2011 to 39.8% in 2015. The grant rate
was 50.5% in 2009. USPTO, A Patent Technology Monitoring Team Report, available at
https://www.uspto.gov/web/offices/ac/ido/oeip/tat/h_at.htm#PartA2 2. (last visited Aug. 4, 2018).



statistical evidence is too obscure to be explained because the U.S. and China were the top two
destinations of exports from Japan in a similar amount between 2011 and 2015.%

The non-significant correlation between the number of the patent applications with SIPO and
either the exports to China may not be surprising because patent registrations with SIPO can be one
strategy against counterfeiting from China.*® As the increase of the trade cooperation between
China and Japan, there is an increasing concern about patent infringement by Chinese companies in
the Japanese market. Many Japanese companies have an experience to investigate and demand
monetary compensation or injunctions for patent infringement by Chinese companies.*’ Regardless
of the trade of Japanese companies in China, filing patent applications in the SIPO can defend the
Japanese companies from patent infringement by counterfeits from China when the Chinese

government is increasingly strengthening the IP enforcement in China.
2. The Geographic Distribution of the Patent Value

The indicator of patent valuation, grants, is divided into four parts regarding to the process of
a patent application, including pending before the request for examination, pending for examination,
rejection or withdraw before issuance, and issuance. The other indicators of patent valuation, such
as forward citations, backward citations, and claim counts are measured under each granting stages.
The means of these three indicators by granting stages and geography coverage are listed in Table 1.
The patent applications that were pending before the request for examination could not have a

record of backward citations by examiners, which should be zero.

* The different statistical significance of the association between the number of the patent applications and the exports to the U.S.
and China could be caused by the small size of the samples, which are only five numbers and expected to be further expanded,
OEC, Where Does Japan Export to? (2016), available at
https://atlas.media.mit.edu/en/visualize/tree_map/hs92/export/jpn/show/all/2016/. (last visited Aug. 4, 2018).

Dan Plane & Scott Livingston, Procedures and strategies for anti-counterfeiting: China (May 18, 2017), available at
http://www.worldtrademarkreview.com/Intelligence/Anti-counterfeiting/2017/Country-chapters/China. (last visited Aug. 4,
2018)

“A number of Japanese electronic and mechanical producers have demanded a cease of infringements by, and economic
compensation from, Chinese ... enterprises. Twenty-one Japanese manufacturers in China are working in tandem to investigate
and lodge complaints against Chinese companies.” Ruth Taplin, Japanese Measures against IP Infringement in China, South
Korea And Taiwan, available at http://ips.clarivate.com/m/pdfs/klnl/2005-08/japanese-measures.pdf. (last visited Aug. 4, 2018).
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Table 1. Means of Citations and Number of Claims

Pending Pending Rejected/
(not request) (exam pending) Withdrawa

1. The Total Patent Applications

forward citations 0.01 0.18 0.11
backward citations 0.00 4.35 1.50
number of claims 9.11 9.32 9.64

2. Patent Applications Filed by Japanese Applicants

forward citations 0.01 0.24 0.11
backward citations 0.00 4.58 1.39
number of claims 7.63 6.56 7.35

3. Patent Applications Filed by Japanese Applicants Only in
Japan

forward citations 0.01 0.24 0.11
backward citations 0.00 4.58 1.39
number of claims 7.63 6.55 7.35

4. Japanese Patent Applications Filed by Japanese Applicants in the U.S.

forward citations 0.00 0.13 0.13
backward citations 0.00 4.01 1.34
number of claims 7.57 10.58 7.66

5. Japanese Patent Applications Filed by Japanese Applicants in China

forward citations 0.00 0.14 0.13
backward citations 0.00 3.70 1.28
number of claims 7.22 11.04 7.70

1 Granted

0.30
4.54
7.63

0.32
4.61
6.57

0.32
4.61
6.57

0.26
4.70
7.26

0.24
4.76
7.10

6. Japanese Patent Applications Filed by Japanese Applicants in South Korea

forward citations 0.00 0.13 0.10
backward citations 0.00 3.65 1.35
number of claims 7.31 10.05 7.97

7. Japanese Patent Applications Filed by Japanese Applicants in Germany

forward citations 0.00 0.00 0.18
backward citations 0.00 3.92 0.61
number of claims 6.27 11.54 6.95

8. Japanese Patent Applications Filed by Japanese Applicants in Canada

forward citations 0.00 0.08 0.04
backward citations 0.00 2.17 0.62
number of claims 5.62 6.52 8.28

0.22
4.77
7.11

0.32
5.35
8.06

0.30
4.42
7.58

Overall

0.16
2.43
8.79

0.17
2.40
7.09

0.17
2.40
7.09

0.14
2.40
7.69

0.14
2.42
7.61

0.12
2.34
7.64

0.19
2.75
7.69

0.13
2.03
7.22




In overall, the average backward citations of the patent applications were 2.43 and their
average forward citations were 0.16. The patent applications that were rejected or withdrawal
before issuance received the least forward citations and backward citations among the granting
stages, except for pending before the request for examination. One granted patent application on
average had 0.3 forward citations, which were more than 0.18 forward citations that were received
by one pending patent application.

The granted patents had 4.54 backward citations, which were slightly higher than the
citations received by the patent applications pending for examination. The patent application
pending for examination on average received 4.35 backward citations, suggesting the similar
significance of a patent application before or after its issuance among the existing prior arts of
patents. However, this is not consistent with what Yasukawa & Kano (2014)*® have shown. They
believe that the USPTO patent examiners have the citing propensity towards the granted patents,
but the JPO patent examiners have the citing propensity towards the pending patent applications.

The patent applications in the four granting stages had similar amount of patent claims if we
do not distinguish the nationality of the patent applicants. However, the claim counts of the patent
applications filed by Japanese applicants were fluctuated in the four granting stages: the patent
applications awaiting the request for examination had 7.63 patent claims, which were 1.07 higher
than the patent applications pending for examination on average.*’

The patent applications with JPO only had a similar degree of backward citations and a
slightly higher degree of forward citations as the Japanese patent applications that were also filed in
the U.S., China, South Korea, Germany, or Canada, suggesting a similar value of the patent
applications regardless of the distribution of their families. However, the number of patent claims
of the patent applications that were only filed in Japan was 7.09, which was the lowest claim counts
among the Japanese patents applications filed in the Patent Offices in any of the five countries by
Japanese applicants.

For the granted patents, even though the patent applications with JPO only had a similar
degree of backward citations as the Japanese patent applications that were also filed with the
USPTO, SIPO, and KIPO, the average forward citations received by the patent applications with

JPO were 0.32, which was at least 23.08% higher than the average forward citations received by

* Satoshi Yasukawa & Shingo Kano, Comparison of Examiners’ Forward Citations in the United States and Japan with Pairs of
Equivalent Patent Applications, 201 SCIENTOMETRICS 1189 (2014).

In the IIP Patent Database, the average length between filing and the request for examination was 1.15 years, which is lower than
the statistics by JPO because the IIP Patent Database lacks the date of examination request for some patent applications. For the
patent applications that were filed after April, 2014, but the database does not tell the date of examination request and
simultaneously lack backward citations by examiners are considered as withdrawal. “For the JPO, the period to file a request for
examination is three years from filing date. The rate for 2012 relates mainly to applications filed in the year 2009,” five IP offices,
IP5 Statistics Report 2013, available at https://www .fiveipoffices.org/statistics/statisticsreports/2013edition/annex2.pdf (last
visited Aug. 4, 2018).
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the Japanese patent applications that were also filed with any of the other three Patent Offices.
Moreover, the patent applications with JPO only that were pending for examination on average
received 0.24 forward citations from the JPO examiners, which was at least 71.43% higher than the
average forward citations received by the Japanese patent applications that were also filed with the
other three Patent Offices but being pending for the examination in JPO.

The patent applications with JPO only had a lower degree of claim counts at the examination
pending stage, compared to the pending stage before the request for examination. The decrease
could be caused by both the applicants and the examiners. The applicants made selections before
the request for examination because of the examination fee elasticity of claim counts in JPO. They
also needed to withdraw or divide some claims according to the opinions or office actions from the
examiners. The patent claims at the examination pending stage decreased to a similar degree as the
claim counts of the granted patents, which could be an efficient self-selection by the applicants
before the request for examination. One drawback of this research is that patent divisions with the
IIP Patent Database cannot be distinguished, so the specific efficiency of self-selection cannot be
estimated without taking account of patent divisions or the withdrawals during the examination.

In the case of the Japanese patent applications that were also filed in the U.S., China, and
South Korea, the number of patent claims was higher at the examination pending stage than the
pending stage before the request for examination, but decreased to a much lower degree at the
granted stage. The claims of the Japanese patent applications filed also in those three countries at
the granted stage on average were higher than the claims of the granted patent applications filed in
Japan only. Therefore, the cut of claim counts of those patent applications after granting does not
suggest a failed self-selection by the applicants. If patent value is only estimated by one indicator,
the number of patent claims, those patent applications on average had higher value than the patent
applications filed in Japan only.

The Japanese applicants were more likely to burden higher risks and add patent claims before
their request for examination when they have a propensity over internationally filing patents. Even
though the claims counts were inevitably cut by examiners or divided to new patent applications
during the examination pending stage, the averagely higher number of patent claims suggests a
strong risk appetite of those patent applicants, who were less sensitive to the examination fee as the

patent applicants who filed patent applications with JPO only.



V. The Geographic Distribution of Patent Applications and Their Value by
Industries

1. The Geographic Distribution of Patent Applications and Their Value in the Chemical
Industry

Figure 3. The Number of Japanese Patents in the Chemical Industry
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The chemical exports from Japan to the U.S. and China were decreasing between 2011 and
2015, but Figure 3 shows that the number of Japanese patent applications that were also filed in the
U.S. and China was in reverse U-shape. In those five years, there were consistently more Japanese
chemical patent applications that were filed in the U.S., compared to the Japanese chemical patent
applications filed in China, but Japanese companies exported more chemical products to China than
to the U.S. However, the chemical exports from Japan to China or to the U.S. were not correlated to
the number of Japanese patent applications that were also filed in those two countries at a
statistically significant level. The statistics suggest a significant and positive correlation between
the number of chemical patent applications filed with JPO only and the chemical exports to China
(p-value=0.08) and the U.S. (p-value=0.01).

The total chemical patent applications in JPO by Japanese applicants on average received
2.61 backward citations and 0.19 forward citations, where were even by the size and distribution of
their families. Table 2 shows the means of the indicators of patent value by geographic coverage. In
the stage of post-granting, the patent applications with JPO only on average had a lower degree of
backward citations and forward citations, compared to the Japanese patent applications that were
also filed in the U.S., China, or South Korea.



Table 2. Means of Citations and Number of Claims in the Chemical Industry

Pending Pending Rejected/
(not request) (exam pending) Withdrawal Granted Overall
1. Patent Applications Filed by Japanese Applicants Only in Japan
forward citations 0.01 0.27 0.14 0.39 0.21
backward citations 0.00 5.12 1.59 5.09 2.69
number of claims 8.45 7.98 8.09 7.03 7.77
2. Japanese Patent Applications Filed by Japanese Applicants in the U.S.
forward citations 0.00 0.00 0.13 0.47 0.20
backward citations 0.00 3.17 2.20 5.47 2.93
number of claims 6.98 15.43 8.77 7.78 8.71
3. Japanese Patent Applications Filed by Japanese Applicants in China
forward citations 0.00 0.00 0.15 0.44 0.20
backward citations 0.00 3.27 1.82 5.19 2.76
number of claims 6.94 16.82 9.63 7.93 9.46

4. Japanese Patent Applications Filed by Japanese Applicants in South Korea

forward citations 0.00 0.00 0.03 0.53 0.17
backward citations 0.00 3.08 1.51 5.71 2.59
number of claims 7.45 12.85 10.00 8.18 9.11

The average claim counts of the granted chemical patents filed in Japan only were also less
than the claim counts of the granted Japanese chemical patents that were also filed in the U.S.,
China, or South Korea. The patent applications filed in Japan only had more claim counts than the
patent applications that were filed in other countries at the pending stage before the request for
examination. A broader scope of protection at this filing stage signals a strong intent of priority.
Even though the Japanese chemical patent applications that were also filed in other countries had
higher value with respect to the number of patent claims, the Japanese applicants who only filed
their patent applications in Japan averagely had stronger intent of priority than the applicants who
filed their Japanese patent applications also in the U.S., China, or South Korea.

The patent applications filed in Japan only on average had a smaller number of patent claims

after the request for examination, compared to the patent claims at their pending stage before



submitting the request. The Japanese patent applications that were also filed in the other three
countries added patent claims after the request for examination: the applicants averagely added
about ten claims in their Japanese patent applications if they also filed those patent applications in
the SIPO or KIPO, or about five claims if their Japanese applications would also be filed in the
USTPO. The decrease of patent claims during examination could be caused by the applicants or the
examiners, but the increase of patent claims usually can only be resulted voluntarily by the

applicants.
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“Adding a new claim is not synonymous with adding new matter.”® Adding new matter in a
new claim is not allowed, but it is normal to add claims based on the original scope of filing.
Adding new claims is one approach to narrow or specify the scope of the originally filed patent
claims so as to increase the grant rate and acquire high quality patents from the examiners.”'
Therefore, when the applicants added claims in their Japanese patent application which were also
filed in the U.S., China, or South Korea before the request for examination, they were impervious
to the examination fees because they value their patent applications more than the applicants who
only filed patent applications in Japan.

The results of the OLS regressions in Table 3 suggest that the backward citations of the
Japanese patent applications that were also filed with the SIPO were positively correlated to
chemical exports to China and all merchandise exported to China. Neither forward citations or
backward citations received by those patent applications were associated to the annual growth of
the chemical exports from Japan to China at a statistically significant level.

In the case of the Japanese patent applications that were also filed with the USPTO, both
forward citations and backward citations were positively correlated to the total amount of the
chemical exports to the U.S. and its annual growth, suggesting a positive association between
patent value and the exports to the U.S. in the chemical industry. The forward citations received by
the Japanese patent applications that were either also filed in China or the U.S., the top two
destinations of exports from Japan, were positively correlated to the total exports from Japan and
its annual growth, suggesting the importance of the valuable patents in the chemical industry on the
exports from Japan.

Among the regression results, the coefficients of forward citations on the exports or the
growth were higher or had a higher level of significant level than the coefficients of backward
citations, even though forward citations have the truncation problems. This suggests a strong
association between patent value and exports when patent value is measured by forward citations
rather than backward citations, regardless of any interaction between forward citations and

backward citations.>

5% Gene Quinn, An Introduction to Patent Claims (June 11, 2016), available at
http://www.ipwatchdog.com/2016/06/11/introduction-patent-claims/id=69991/ (last visited Aug. 4, 2018).

“It is absolutely critical to provide the patent examiner with a good set of representative claims that offer a variety of broad to
narrow claims. The examination you receive from the patent examiner is never going to be any better than the patent claims
you provide. If you provide preposterously broad patent claims and then add very few and perhaps common features to that
preposterously broad claim in your dependent claims you are making it easy for the patent examiner to reject the preposterously
broad claim and then also reject your barely narrowing dependent claims. Worse, you are left with absolutely no useful
information about what the patent examiner thinks might be patentable.” /d.

Backward citations are used by scholars to predict forward citations. See Adam Jaffe & Manuel Tranjtenberg, Flows of
Knowledge from Universities and Federal Labs: Modeling the Flow of Patent Citations over Time and Across Institutional and
Geographic Boundaries, NBER Working Paper 5712 (1996).
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2. The Geographic Distribution of Patent Applications and Their Value in the Pharmaceutical
Industry

There were less than thirty Japanese pharmaceutical patent applications that were filed in the
U.S. or China per year between 2011 and 2015, shown in Figure 4. The number of the Japanese
pharmaceutical patents that were filed in China was positively correlated to the number of the
pharmaceutical patents (p-value=0.02) or the chemical patents (p-value=0.04) that were filed with
JPO only, suggesting a simultaneous patenting propensity in the markets of Japan and China.

Among the granted Japanese patent applications, the ones that were also filed in South Korea
received the most forward citations compared to the patent applications that were filed in Japan
only and the Japanese patent applications that were also filed in the U.S. or China. As Table 4
shows, when the Japanese patent applications that were filed in other countries were pending for
the examination by JPO, they received zero forward citations, but the patent applications filed with
JPO only on average received 0.17 forward citations during their examination pending stage. Those
patent applications, however, received the least backward citations compared to the patent
applications that were also filed in other countries. On average, a granted patent application filed
only in Japan received 1.19 less backward citations compared to a granted Japanese patent

application which was also filed in the U.S.

Figure 4. The Number of Japanese Patents in the Pharmaceutical Industry
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Table 4. Means of Citations and Number of Claims in the Pharmaceutical Industry

Pending Pending Rejected/
(not request) (exam pending) Withdrawal Granted Overall
1. Patent Applications Filed by Japanese Applicants Only in Japan
forward citations 0.01 0.17 0.10 0.30 0.15
backward citations 0.00 4.19 1.43 4.22 2.13
number of claims 9.24 8.04 8.88 7.17 8.38
2. Japanese Patent Applications Filed by Japanese Applicants in the U.S.
forward citations 0.00 0.00 0.00 0.27 0.08
backward citations 0.00 3.91 3.05 5.41 3.42
number of claims 5.14 15.22 8.80 11.14 10.67
3. Japanese Patent Applications Filed by Japanese Applicants in China
forward citations 0.00 0.00 0.11 0.29 0.09
backward citations 0.00 3.26 2.95 4.71 3.08
number of claims 3.88 14.30 8.95 12.43 11.00

4. Japanese Patent Applications Filed by Japanese Applicants in South Korea

forward citations 0.00 0.00 0.00 0.43 0.13
backward citations 0.00 4.15 2.00 4.93 3.13
number of claims 4.56 12.62 10.78 12.36 10.56

The pharmaceutical patent applicants had a different story from the chemical patent
applicants with respect to the number of patent claims. The pharmaceutical patent applicants were
less sensitive to examination fees than the chemical patent applicants were when they only filed the
patent applications in Japan. Both the patent applications filed in Japan only and the Japanese
patent applications that were also filed in the U.S., China, and South Korea had a higher number of
patent claims after the request for examination, but the increase of patent claims after requesting for
examination among the latter applications was at least 11.84 times higher than the increase among
the former applications.™

As the examination was going on, however, the claim counts decreased to a lower degree
when the applications were granted. The patent applications with the highest number of claims
were the Japanese patent applications that were also filed in the U.S., but the granted patent

applications had more patent claims than the patent applications at the stage when those

3 The Japanese patent applications that were also filed in China increased 2.69 times of their patent claims after the request for
examination. For the applications that were filed in South Korea in addition to Japan, their Japanese patent claims increased 1.77
times. For the applications that were filed in the U.S. in addition to Japan, their Japanese patent claims increased 1.96 times.



applications were initially filed in Japan. A majority of new drug patents concentrate in the U.S.,
involving advanced pharmaceutical knowledge and innovators. ** The applicants filing
pharmaceutical patents in the U.S. tried to acquire the protection as broad as they can. In other
words, they were most zealous about exclusive rights when they also filed their Japanese patent
applications in the U.S.

By contrast, the decrease of the claims of the patent applications that were only filed in Japan
ended to a fewer number of claims compared to the claim counts were initially filed with JPO. One
average, 0.87 patent claims were cut from the initial filings after being granted. Among the granted
patents, the patent applications that were only filed in Japan on average had the fewest number of
claims, compared to the other Japanese patent applications that were also filed in the U.S., China,
or South Korea. Regardless the value or quality of a patenting invention, the patent applicants in
the pharmaceutical industry were passionate about exclusive rights and less sensitive to

examination fees as other applicants.

3. The Geographic Distribution of Patent Applications and Their Value in the Electronic
Industry

Between 2011 and 2015, about 52 to 115 of the Japanese electronic patent applications were
filed in China and about 74 to 149 of the patent applications were filed in the U.S. by Japanese
applicants, shown in Figure 5. Those numbers were much more than the Japanese patent
applications in the chemical and pharmaceutical industries that were also filed in China or the U.S.
However, the exports of Integrated Circuit and Electronic Components (IC&ECs) to the world
were decreasing between 2011 and 2015 and were lower than the exports of chemical products or
pharmaceutical products. For example, in 2014, the exports of IC&ECs from Japan to the world
were about 34.85 million US dollars, which were less than half of the exports of chemical products
from Japan to the world, 72.12 million US dollars. When the exports of IC&ECs to China and the
U.S. were decreasing between 2011 and 2015, the overall trend of the Japanese patent applications
that were filed in China or the U.S. was also decreasing. The peak of the Japanese patent
applications that were filed with USPTO by Japanese applicants happened in 2012, which
decreased to 83 in 2015; the peak of the patent applications that were filed with SIPO by Japanese
applicants also happened in 2012, which decreased to 52 in 2015.

3 Akkari, Alessandra Cristina Santos, Munhoz, Igor Polezi, Tomioka, Jorge, Santos, Neusa Maria Bastos Fernandes dos, & Santos,
Roberto Fernandes dos. (2016). Pharmaceutical innovation: differences between Europe, USA and ‘pharmerging’ countries.
Gestdo & Produgdo, 23(2), 365-380. Epub June 14, 2016.https://dx.doi.org/10.1590/0104-530x2150-15.



Figure 5. The Number of Japanese Patents in the Electronics Industry
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The patent value of the Japanese electronic patent applications filed by Japanese applicants
with respect to forward citations and backward citations was extremely different from the patent
applications in the chemical and pharmaceutical industries. Table 5 shows the means of the
indicators of patent valuation by geographic coverage for the Japanese patent applications in the
electronics industry. Among the Japanese patent applications that were granted by JPO between
2011 and 2015, there were averagely 4.55 backward citations of the patent applications that were
only filed in Japan by Japanese applicants, which were similar as the backward citations of the
patent applications that were also filed in the U.S., China, or South Korea. Among the Japanese
patent applications that were filed by Japanese applicants and pending for examination, the patent
applications that were only filed in Japan on average had the highest backward citations, which
were 4.66. The forward citations of the patent applications that were only filed in Japan on average
were also the highest among the Japanese patent applications that could also be filed in other
countries. Among the Japanese patent applications that were granted by JPO between 2011 and
2015, the patent applications that were only filed in Japan on average had 0.3 forward citations,
which was about 1.76 times of the forward citations received by the Japanese patent applications

that were also filed in China.



Table 5. Means of Citations and Number of Claims in the Electronics Industry

(n(l))te?e(glrllgst) (exalirelri)dellrllc%ing) \KIf{igledCrf\%l Granted Overall
1. Patent Applications Filed by Japanese Applicants Only in Japan
forward citations 0 0.25 0.12 0.30 0.17
backward citations 0 4.66 1.35 4.55 2.34
number of claims 8.09 7.46 7.78 7.27 7.65
2. Japanese Patent Applications Filed by Japanese Applicants in the U.S.
forward citations 0 0.03 0.13 0.25 0.14
backward citations 0 4.24 1.12 4.77 2.35
number of claims 8.15 10.27 8.26 8.08 8.30
3. Japanese Patent Applications Filed by Japanese Applicants in China
forward citations 0 0 0.14 0.17 0.11
backward citations 0 4.00 1.13 4.72 2.33
number of claims 7.59 10.25 7.86 7.61 7.85

4. Japanese Patent Applications Filed by Japanese Applicants in South Korea

forward citations 0 0 0.09 0.19 0.10
backward citations 0 3.31 1.21 4.55 2.23
number of claims 7.22 11.06 8.46 7.36 7.93

The results of the OLS regressions shown in Table 6 suggest that the forward citations
received by the Japanese electronic patent applications that were also filed in China were positively
correlated to the integrated circuit exports to China and the annual growth of the exports. The
backward citations received by the Japanese electronic patent applications that were also filed in
China were also positively correlated to the integrated circuit exports to China at a statistically
significant level, but were not correlated to the annual growth of the exports at a statistically
significant level. The coefficient on the backward citations to predict the exports of integrated
circuits to China is lower to the coefficient on the forward citations, suggesting that forward
citations had a stronger association with the exports than backward citations, regardless the
truncation effects.

In the case of the total exports to China, both forward citations and backward citations of the
Japanese patent applications that were in the electronics industry and also filed in China were

positively correlated to the total exports to China. However, forward citations were negatively



correlated to the annual growth of the exports and backward citations were not correlated to the
annual growth of the exports at a statistically significant level. These results suggest that when the
total exports to China were decreasing between 2011 and 2015, more valuable Japanese electronic
patent applications from the perspective of patent value with respect to forward citations were filed

in China, regardless of the value of patent applications with respect to backward citations.
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In the case of the trade with the U.S., the total exports to the U.S. were in a U-shape between
2011 and 2015. Both the backward citations and forward citations received by the Japanese
electronic patent applications that were also filed in the U.S. were positively correlated to the total
exports from Japan to the U.S. and the annual growth of the total exports. When predicting the
exports of integrated circuits from Japan to the U.S., the coefficients on forward citations and
backward citations are positively significant. However, in the regressions to predict the annual
growth of the exports of integrated circuits from Japan to the U.S., the coefficient on forward
citations is not statistically significant and the coefficient on backward citations is negative and
statistically significant.

The regressions in Model 9 and Model 10 of Table 6 also suggest that the value of patent
applications with respect to forward citations and backward citations was positively correlated to
the total exports from Japan to the world and its annual growth. The lack of statistical significance
of the coefficient on backward citations to predict the annual growth of the total exports could be a
reflection of the association between backward citations and forward citations.

The coefficients on forward citations and backward citations in Model 9 and Model 10 of
Table 3 are bigger than the corresponding coefficients in Model 9 and Model 10 of Table 6,
suggesting that the association between the value of the Japanese patent applications in the
electronic industry and the total exports from Japan is strong than the association between the
exports and the value of the Japanese patent applications in the chemical industry, even though
recall that the exports of chemical products were steady higher than the exports of electronic
products between 2011 and 2015.

The trend of the claim counts of the Japanese electronic patent applications through the
application process was similar to the trend of the chemical industry and different from the trend of
the pharmaceutical industry. The patent applications that were only filed in Japan on average had a
smaller number of patent claims on the stage of pending for examination compared to when
pending before the applicants submitted the request for examination. By contrast, the Japanese
patent applications that were also filed in the U.S., China, or South Korea on average had more
patent claims during their pending for examination than the patent claims before the request for
examination.

Among the patent applications granted by JPO, the Japanese patent applications that were
also filed in the U.S. on average had the most patent claims among the Japanese patent applications
and the patent applications that were only filed in Japan on average had the lowest number of
patent claims. From the perspective of patent value with respect to the number of patent claims, the
most valuable Japanese patent applications on average were also filed in the U.S., China, or South

Korea. However, the patent value with respect to the number of patent claims is manipulated by



patent applicants the most compared to the other two indicators of patent value, forward citations
and backward citations. In the words of these two indicators, there were many valuable Japanese
patent applications that were not filed in other countries, including but not limited to the U.S.,
China, and South Korea.

There are many small and medium-sized companies (SMEs) in the electronic industry and
the proportion of the SMEs is much larger than the proportion in the chemical or pharmaceutical
industry. The cost of undergoing the whole process of patent applications is very high, such as the
examination fees which increase as the claim counts, the patent agent fees, and the salaries for the
people making patent strategies. The cost goes up when the patent applications are also filed in
other countries either through PCT or directly with each foreign Patent Offices. Those costs cannot
be affordable by many SMEs, even though they could have valuable Japanese patents which have
significant effects on the development of the technologies, shown by their high backward citations
and forward citations.

The number of patent claims and citations reflects opposite value of the patent applications
that were only filed in Japan, compared to the value of the patent applications that were also filed in
the U.S., China, or South Korea, which suggests the international patenting supports or export
supports for the SMEs in the electronics industry may not be enough. The patent applications that

were only filed in Japan also have potential in foreign market.

VI. Concluding Remarks and Limitations

This research applies number of patent claims to value patent applications by combining it
with granting stages, which shows the contribution to patent value from both the patent applicants
in patenting strategies and patent examiners. Their contribution over the granting stages results the
number of claims to be a reliable indicator to measure patent value in addition to the traditional
patent value indicators, such as citations. However, when applying the forward citations and
backward citations to patent valuation, there was a truncation bias unless we could use weighted
citations instead of simple count citations.>

When observing the number of patent claims by each granting stage, the data shows that
Japanese patent applicants were sensitive to the examination fees, but they were less sensitive to
the examination fees when they also file the patents in other countries. Alternatively, the Japanese
patent applicants who file patents in other countries value the scope of patent protection and

priority rights more than the examination fees, regardless of the value or quality of the technology.

> Trajtenberg, supra note 2.



This sensitivity does not consider the situation of patent divisions during the granting. By
comparing between groups having different patent families, the existence of the sensitivity can be
confirmed, but its specific range can be estimated further by future studies taking account of the
situations of patent divisions.

A positive association between the value of the Japanese patent applications that were also
filed abroad and the exports from Japan has been explored by this research, suggesting a
synchronized pace of patenting abroad by Japanese applicants and their oversea market size. The
association between the value of those patent applications and the annual increase of the exports
was not as significant and high as the former association in the chemical and electronic industries,
suggesting a limited effects of valuable patent applications on improving the exports.

When directly exploring the association between patent value and exports, one limitation of
this research is that it only includes the patent applications filed between 2011 and 2015. The future
studies should extend the sample of patents to cover all pending and valid patents during the
research period in order to explore the effects of patent value and exports.

The association between patent value and economy growth can also be further extended by
considering other GDP contributors with respect to patents, including R&D investment, imports,
investment signaled by patents, license, etc. It is also valuable to use firm-level data to explore
those associations.

Moreover, one selection bias in this research is that it was rarely happened in the economic
history of Japan that the exports were generally decreasing between 2011 and 2015. In order to
further confirm the robustness of the regression results in the research, future studies should extend
the length of time to further track the variation of exports. There could also be endogenous effects

between patent value and exports, which has not been considered much in this research.
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